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iS4i Ornithine carbamoyl transferase gene and its use as a marker gene in a host-vector system for the 
^ production of proteins in basidiomycetes. 



i57} This invention relates to a novel ornithine carbamoyl transferase (OCTase) gene, a recombinant DNA 
containing the OCTase DNA, a transformation system for a basidiomycete, and production of useful 
proteins using the system. 

More particularly, this invention relates to the OCTase gene of Corioius hirsutus to afford an efficient 
host-vector system in basidiomycetes (particularly a white rot fungus such as Corioius hirsutus IFO 
4917) for the preparation of useful proteins. OCTase is the enzyme to transfonm ornithine to citruliine n 
arginine Diosynthesis in organisms. The present invention provides the OCTase genes of C hirsutus . the 
useful Arg auxotrophic mutant of C. hirsutus deficient in the OCTase gene, the efficient condition for 
the preparation of protoplasts and the transformation of the mutant with the cloned OCTase gene and 
the recombinant DNA's including a promoter, a signal peptide-coding DNA and a protein-coding DNA. 
the construction of the novel host-vector system of C. hirsutus . and the new method of a large scaie 
preparation of useful proteins using this novel host-vector system with a new recombinant DNA 
technique. 

Cvj Furthennore, this invention provides a highly efficient method to produce a useful protein such as 

^ lignin peroxidase which is difficult to produce by the conventional method. 
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1. Field of the Invention 

This invention relates to a novel ornithine carbamoyl transferase (OCTase) gene, a recombinant DNA con- 
taining the OCTase DNA. a transformation system for a basidiomycete. and production of useful proteins using 
5 the system. 

Mere particularly, this invention relates to the OCTase genes of Coriolus hirsutus to af'ord an efficient host- 
vectcr system m basiciomycetes 'particularly a white ro: fungus such as C. hirsutus iFO 49" 7) for tne prepa- 
ration of useful proteins. 

10 2. Description of the Re'ated Art 

The OCTase is an enzyme to transform ornithine to citrulline :n arginine biosynthesis n organisms. An 
Arg' auxotrophic mutant deficient in the aforementioned OCTase gene can be preparec by UV irradiation or 
N-methyl-N'-nitro-N-nitrosoguanidine (N^G) treatment of C. hirsutus . 

75 The development of the aforementioned OCTase genes of C. hirsutus as the marker the Arg' auxotroohic 

mutant of C hirsutus as the host, the efficient condibon 'or the preparation of protoplasts and the 'jansfcrma- 
tion of the mutant wit K't-He "Cloned OCTase DNA, and the recombinant DNA's inctuding a^romoter, a signal 
peptide-coding DNA and a protein-coding DNA, has realized the construction of the novel host-vector system 
of C. nirsutus . Thus, this novel host-vector system with a new recombinant DNA technique can provide a new 

20 method of a steady, large scale preparation of useful proteins. Furthermore, this invention provides a highly 
efficient method to produce a useful protein such as lignin peroxidase which is difficult to produce by the con- 
ventional method. 

To date numerous efforts have been made to fulfill the purpose of realizing quantity production cf a useful 
protein by :he use of the technique of gene recombination. 
25 The technique of gene recombination for the quantity oroduction of a useful protein basically comprises a 

host, a vector and a gene coding a useful protein. 

One of the established host which are usable for this purpose is a procaryote such as Eschercnia coli . 
however, the process of the large scale production of useful proteins iS not promising very often. For example, 
:n the case of Eschenchia coli as the host, it is very difficult to produce a useful human protein without any 
30 contaminaticn of harmful byproducts. Therefore, it prevents simplification and economization of the large scale 
production or' the protein. 

Ore of the solution r'or the aforementioned problem is to use a lower eucaryote such as yeast as the host, 
however, in chts case, the oroductivity :s not acceptable for practical use so far. Thus, efforts are oeing con- 
tinued n research and development of a host-vector system capable of more efficient producticn of useful pro- 
35 teins. 

Basidiomycetes belonging to eucaryotes are mucn phylcgenetically closer to animals than yeasts (T.^. 
Smith. Proc. Natl. Acad. Sci. USA. 86 7063 incidentally, a technique of gene recombination using a 

basicicmycete as a host remains yet to be established. Recently, a few host-vector systems of basidiomycetes 
have been reported (A. Munoz-Rivas, etal.. Mol. Gen. Genet., 205 . 103. 1 1986i). However, these systems have 
40 not been accomplished for practical use so far. The basiciomycetes include numerous useful fungi such as lig- 
nin-degrading fungi remains yet to be established. Especially, genetics of C^ hirsutus belonging to basidiomy- 
cetes has not been studied very well. Furthermore, a host-vector system of this fungus has been hitherto un- 
known. 

45 SUMMARY OF T*HE INVENTION 

The present inventors have pursued a diligent study with a view to fulfilling the demand for development 
of an efficient host-vector system for the large scale preparation of useful proteins. Particularly, the demand 
for development of a novel suitable marker gene, a usefijl host, an efficient transformation method and con- 
so dition, and a useful recombinant DNA of a useful protein gene including a promoter and a signal peptide-coding 
DNA in basidiomycetes. 

They have consequently succeeded :n developing novel DNA's, i.e. ornithine carbamoyl transferase (OC- 
Tase) genes of Coriolus hirsutus and an efficient host-vector system of the genus Coriolus for the expression, 
secretion and production of useful proteins in a basidiomycete in a large amount. 
55 Accordingly, the present invention provides (1) an isolatec structural gene coding for ormtmne carbamoyl 

transferase (OCTase) of Coriolus hirsutus . The gene preferably coding for the amino acid sequence shown in 
SEQ ID NO: 1 or SEQ ID ^JO: 2. 

The present invention also orovtces (2) an isolated OCTase gene comprising a siructurai gene coding for 
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OCTase and a control region controlling the expression of the structural gene. The OCTase gene, preferably 
essentially consists of the nucleotide sequence shown in SEQ ID NO: 4. 

The present invention further provides (3) a recombinant linear or circular DNA comprising a structural 
gene coding for OCTase of C. hirsutus . or an OCTase gene comprising a structural gene coding for OCTase 
of C. hirsutus and a control sequence controlling the expression of the OCTase. The recombinant DNA provides 
a selectable marker showing successful transformation when a host basidiomycete is cotransformed with a 
DNA comprising a gene coding for a desired protein. 

The present invention further provides (4) a recombinant linear or circular DNA comprising: 

(a) a structural gene coding for OCTase of C. hirsutus . or an OCTase gene comprising a structural gene 
coding for OCTase of C hirsutus and a control sequence for controlling the expression of the structural 
gene: 

(b) an expression control sequence operable m a basidiomycete of the genus Coriolus; and 

(c) a gene coding for a desired protein under the control by the expression control sequence (b). The cir- 
cular DNA is. for example, an expression pfasmid for expressing the desired protein. 

The present invention also provides (5) an auxotrophic mutant of a basidiomycete of the genus Coriolus 
deficient in an ability to express OCTase. The auxotrophic mutant is a partner of a host-vector system of the 
present invention. ' - . -■• ... ^ 

Namely, the present invention further provides (6) a host-vector system for basidiomycete comprising the 
recomomant liner or circular gene (3) or (4). and an auxotropntc mutant (5). 

The present invention still more provides (7) a process for production of a transformant basidiomycete of 
the genus Coriolus capable of expression of a desired prctein comprising the steps of (a) cotransforming the 
abovementioneo auxotrophic mutant (5) with the saic recombinant linear or circular DNA (3) and a recombinant 
linear or circular DNA comprising a gene coding for a desirec protein and a control sequence for controlling 
the expression cf the gene coding for the desired protein, and (b) selecting a Tansformant capable of growing 
a medium lacking arginine. 

The present invention further provides (8) a process for production of a transformant basidiomycete of the 
genus Coriolus, compnsing the steps of (a) transforming the auxotropnic mutant (5) with the recombinant linear 
or circular DtNA (4). 

The present invenrion further provides a transformant basidiomycete obtainable by the process (8) capable 
producing a desired protein. 

The present invention still more provides (9) a process for production of a desired protein, compnsing the 
steps cf cultunng a transformant basidiomycete (8) to produce the desired protein, and recovering the desired 

protein from the culture. 

BRIEF DESCRIPTION OF THE FIGURES 

Fig.1 is a restriction endonuclease physical map of plasmid, pUCRL 

Fig, 2 :s the construct ion cf a expression vector, pPCl described in examole 8. 

Fig. 3 is the construction of a lignin peroxidase expression vector, pPgHLCI described in example 8. 

Fig. 4 is the construction of a lignin peroxidase expression vector. pPcHLCL described in example 9. 

Fig 5 is the construction of a lignin peroxidase expression vector pPSgHL' described in example 10. 

Fig. 6 is the construction of a lignin peroxidase expression vector oPSproHLI described in e.xample 11. 

Fig. 7 !s the construction of a lignin peroxidase expression vector pRPgHLI described in example 12. 

Fig 3 is the construction of a fragment of OCTase gene described in examole 13. 

Fig. 9 IS the recombinant DNA pRPCI descnbed in example 13. 

Fig. 10 is the construction of a lignin peroxidase expression vector oRPgHLCI described in example 13. 
Fig. 11 is the construction of a phenoloxidase expression vector pRPgPOl described in example 16. 
Fig. 12 is the construction cf a luciferase expression vector pPLUCCI described in example 19. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present inventors have studied OCTase gene of Coriolus hirsutus to find an efficient host-vector sys- 
tem in basidiomycetes for the preparation of useful proteins. They have succeeded in the cloning of novel OC- 
Tase genes from the restriction endonuclease fragments of chromosome DNA of C. hirsutus . They have also 
prepared a useful Arg' auxotrophic mutant deficient 'n OCTase gene from C. hirsutus and established the ef- 
ficient condition for :he preparation of protoplasts and transformation cf the mutant with the cloned OCTase 
DNA and recomoinant DNA's including a promoter, a signal peptide-ccding DNA and a protein-coding DNA. 
Thus they have succeeded in the construction of the novel host-vector system of C. hirsutus . Furthermore. 
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they nave found that this novel host- vector system using recombinant DNA technique can provide a new metn- 
cd of a robust, large scale production of useful proteins. 

The present invention provides a DNA (I), concerning an ornithine carbamoyl transferase (OCTase) gene 
5 coding the amino acid sequence depicted in SEQ. 10 NO; 1. 

The present invention also orovices a DNA (II). concerning an ornithine carbamoyl transferase lOCTase) 
gene coding the ammo acid sequence depcted in SEQ ID NO: 2. 

The present ■nvertion also provides a DNA ^IH). ccrcernmg an OCTase gene rcdmg the DNA sequence 
decicted in SEQ ID NO: 3. 

10 The present invention also provides a gercrn.c DNA ;IV). concern-.ng an OCTase gene coding the DNA 

sequence depicted in SEQ ID NO: 4. 

The present invention aiso provides a r^ethcd :o oreoare a rove! organism 'particularly a white rot fungus 
CoriCiLS hirsutus) possessing the ability to orcduce a '^se'ui orotem by :he transformation with any of DNA (I) 
:o (IV) and/or a reconbinant DNA consisting of a funct:crai promoter n basidiomycetes and/or a signai-peotiGe- 
*5 coding DNA and a protein-coding DNA. 

The present invention also provides a recomoma'^t DNA as described above, consisting of a functional pro- 
moter in Cor:olus scecies and/cr a signai-cectice-cooing DNA and a protem-ccOing DNA. 

The present inventidi*rafso provides the afcremenricneo recombinant DNA: wherein sai4 promoter is a pro- 
moter of phenoloxidase gene, a promoter of itgn n peroxidase gene or OCTase gene, and/or sa:d signai-peotide- 
10 DNA s coairg a signal peptide of phencloxicase or a signal peptide of lignin peroxidase. 

The present nvertion also provides a method to prepare a novel organism as described above, wherein 
the host cell is deficient in OCTase and the tarnsformant s screened m a medium containing no arginine. 

'he present invention also provides the aforementionea ncvel organism, wherein said organism is Concius 
soec es. 

25 "The present invention aiso provides a metricd to ^reduce a orotem as described above, wherein said pro- 

tein is orocuced by culturing said cell and obtaining crotetns from the resultant culture broth. 

The aforementioned casidiomycete used :n the cion ng of genomic DNA and mRNA was a strain of C. hr- 
sutus i!FO J.917; obtained from the culture collection cf the Institute for Fermentation. Osaka. Japan. Amethoo 
to extract total RNAand to construct a cDNA 'iorary s as :3escr'bed below. 

JO Total RNA vvas extracted 'ron the myceiia cf 'C_. nirsutus cultured :n a medium containing no arginme to 

induce the expression of OCTase gene. PoiyiA, RNA w cLr'f'ea ^rom the total RNA according to tne method, 
oescnbed m Proc. Natl. Acad, Sci. USA, 69. 1406 '.'972). using oiigo(dT) cellulose cotumn. cDNAwas synthe- 
3;zec in vitro from the poly(A) RNA according to the method descrioed in Gene, 25 263 (1933). incorporated 
n a phage DNA gt accoro ng to the method cescr'bec :n Science, 222. 263 (1983), and packaged in vitro to 

j5 afford tne cDNA library for the OCTase gene z-.cnrc. 

To conduct claque hybridization for the cloning of :."e CC^ase gene from the aforementioned cDNAIibrary. 
the synthetic DNAprooes synthesized based on the DNA sequences of the OCTase genes isolatec from other 
soec es (3. Berse. et ai.. Gene. 25, 1 09 ( 1 983); F. =*. Buxton, et ai.. Gene 60. 255 (1 987) can be used. In addition, 
the aforementioned lybricization can be also conducted using a fragment of the Arg 3 gene ceding the OCTase 

^ gene of Aspergillus niduians (Upshall.A., M.G.G.. 2C4., 349 (1986)). The isolated DNA can be sequenced by 
the method descnbed by Sanger (Proc. NatJ. Acad. 3c:. USA, 74. 5463, (1977)). The transformed E. coH JM- 
109/pLCRM harboring the reccmbrnant cDNA of OCTase gene was deposited with National Institute of Bio- 
science and Human-Technclogy. Agency of Industrial Science and Technology under FERM BP-4202. 

Chromosome DNA can be purified from C_ hirsutus jsmg the conventional method such as described by 

-ts Yelton (Proc. Natl. Acad. Sci. USA. 81_. 1470 (1984)). The genomic DNA obtained was then partially digested 
with an approonate restriction endonuclease. followed by a fract.onation using a sucrose density gradient cen- 
trifugal separation to afford a 10 to 25 kbo genomic DNA fragment. The resultant DNA fragment was inserted 
to the phage DNA treated with an appropriate restriction endonuclease. For example. DNA EMBL3 (A-M. Frisn- 
auf, et al.. J. Mol. B.ol, 1 70 . 82^ '1983)) can be used as the aforementioned phage. The reconbinant phage 

50 DNA was packaged m vitro to construct a genomic DNA library. For the subcloning of the DNA can be used a 
conventional cloning vector, such as oUC13 (C. Yan:scn-Perron, et ai.. Gene. 33. 103 (1985)). 

The aforementioned OCTase gere cloned from the :DNA library can be used for the probe to isolate the 
genomic OCTase gene from the genomic library as descnbed above. The res*xiction endonuclease physical 
map s depicted .n Fig. 5. The genomic OCTase gene car be inserted into an appropriate E^ coli cloning vector, 

55 such as pUC type cloning vector. pUC18 to transform an Arg' auxotrophic mutant of Coriolus species such as 
^ ^rrsutus mutant, auxotroohic mutants of Ccnolus soecies such as hirsutus can be prepared using the 
conventional method as described below. 

Mcnokaryons of C. hirsutus can oe prepared 'rem colonies of mycelial protoplast regenerants as well as 
germinated basidiosoores. Oidia 'ormed from the mcnokaryons can be then subjected to irradiate with UV or 
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treated with chemical mutagens, such as N-methyl- N'-nitro-N-nitrosoguanidine (NTG) or ethyl methanesul- 
fonate. The mutant can be characterized in detail as described in example 5 to select the amino acid requiring 
mutants. In example 6, the deficiency in the amino acid biosynthetic pathway can be further determined. 

5 Thus, the novel host-vector system of an eucaryote. C. hirsutus can be provided by the reconbinant vector 

DN A containing the cloned OCTase gene of C. hirsutus as well as the Arg" auxotrophic mutant of C. hirsutus . 
The transformed Arg" auxotrophic mutant of C. hirsutus . introduced the aforementioned OCTase gene, can pro- 
duce the enzyme which was deficient in the mutant. Therefore, the aforementioned OCTase gene of C. hirsutus 
contains the complete open reading frame (the protein-coding region) of the OCTase gene as well as the reg- 

10 ulation region necessary for the axpression of the OCTase gene. This conclusion can be confirmed by the 
existence of the promoter sequence in the upstream region of the DNA sequence of the genomic OCTase gene. 

The Arg' auxotrophic mutant of C. hirsutus , OJl-1078 and the E. coli JM109/pLICR1 transformed with the 
aforementioned genomic OCTase gene were deposited with National Institute of Bioscience and Human-Tech- 
nology. Agency of Industrial Science and Technology under PERM P-12677 and PERM BP-4201. respectively. 

15 The present invention further provides a recombinant DNA for the novel host-vector system as well as a 

new method of a large scale production of useful proteins. 

This reconbinant DNA consists of a protein-coding DNA as well as a functional promoter in basidiomycetes 
and/or a signal-peptide-coding DNA at the 5' terminus of the orotein-ccding DNA. ' ^ 

This promoter used for the expression of :he protein can be a promoter functional promoter in Coriolus 

20 sDecies such as C^ hirsutus . An efficient expression of the protein can be expected using the promoter of C. 
hirsutus . such as the promoter of Dhenoloxidase (Y. Kojima, etal.. J. Biol. Chem.. 265 . 25, 15224 (1990)). Fur- 
thermore, the promoter of lignin oeroxidase can be used for the same purpose, which was described in the 
Japanese Patent Aplicaticn 92-60503 and also deposited as a transformed E. coh XL-1 blue/p3SLPOG7 har- 
boring a plasmid pBSLPOG/ containing the aforementioned promoter with National Institute of Bioscience and 

25 Human-Technoiogy, Agency of Industrial Science and Technology under PERM P-12683. In addition, a pro- 
moter of another lignin peroxidase gene can be also used for the same purpose, which was described in the 
Japanese Patent Aplication 92-52673 and also deposited as a transformed E. coli JM10S/dUCLPCG4 harbor- 
ing a plasmid pUCL?CG4 containing the aforementioned promoter with Naional Institute of Bioscience and 
Humar-Technoiogy. Agency of Industnal Science ard Technology under PERM P-1267S. 

30 For the aforementioned signai-ceptide-coding DNA can be used any functional signai-peptide-coding DNA 

of Coriolus species such as C. nirsutus i.e. the onginai promoter of a useful protein a signal-peptide-coding 
DNAof yeas: or filamentous fungi, Moreover, a synthetic DNA designed "'or the signal-peptide-coding DNA can 
be else used. These signal sequences as cescnbed abcve, can be a functional signal-peptice-coding DNA of 
C hirsutus for secretionary expression, such as a signal peptide of phencioxidase or a signal peptide of lignin 

-'5 peroxidase. 

A useful protein which can be expressed and producec in basidiomycete. C. hirsutus are enzymes, growth 
factors, hormones, cytokinms, and vtrus proteins such as. for example human lisozvmes, protein disulfide iso- 
merases (PDI). human epidermal growth factors (EGF), human nerve growth factors (NOP), growth hormones, 
insulins, interferon a. interferon f>. interferon v. interleukin 2. tumor necrosis factors (TNF), surface proteins of 
■w B type hepatitis, iymphotoxins. ignin peroxidases, and phenoioxidases. 

The DNA sequences coding the aforementioned useful proteins can be complementary DNA's (cDNA), 
genomic DNA's or synthetic DNA's. 

In the case of the existence of a propeptide between the signal peptide and the protein-coding sequence, 
the whole DNA sequence including the propeptide sequence can be used for the expression of the protein. 
-»5 On the contrary. In the case of a protein containing no propeptide, a propeptide DNA sequence can be inserted 
between the signal sequence and the protein-ccaing sequence. 

In the case of the production of ignin peroxidase with a wild strain of C. hirsutus . a restricted condition 
such as low nitrogen content of tne medium, high concentration of oxygen, statical culture is required preventing 
efficient large scale production of the enzyme. Cloning's of the gene of lignin peroxidases have been reported 
50 only for Phanerochaete chrysosponum j Nature. 326. 520. (1987)), Coriolus versicolor (B.B.R.C., 179 . 428 
(1991)). and Phlebia radiata (Gene. 35. 343 (1989). However, no active enzyme has been produced using the 
conventional method. 

By using the present host-vector system of C. hirsutus active lignin peroxidase can be produced efficiently 
using any ligmn oeroxidase gene, such as a genomic DNA, cONA and a synthetic DNA. 
55 DNA introduced for the transformation of C hirsutus can be any functional marker gene in Coriolus species 

such as C. hirsutus . for example the reconbmant vector DNA containing the OCTase gene. The suitable vectors 
which can be used in the system can be any vector DNA capable of amplifying the recombinant DNA in a host 
such as E^ coli for a convenient gene manipulation, for example pUC vector. pBR322 vector or pBluescript vec- 
tor. The aforementioned plasmid vector can be usea as a selection marker gene as a circular form DNA and 
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a linear form DNA as well as the OCase gene fragment. 

An expression vector of a prctein such as ignin peroxidase car be constructed by the insertjor of a pro- 
moter DNA ligated the structural gene of the protein at the downstream region into the aforementioned reccn- 
5 binant ONA. Furthermore, more efficient expression can be obtained by the insertion of a functional term.nator 
sequence of Coriclus species such as C_ hirsLtus at the downstream region of the protein-coding sequence 
such as lignin peroxidase gene 

Moreover, the aforementioned OCTase DNA and the expression vector of a protein can be co-transfcrmed 
without ligating each other as a c;rcular. irear or fragment form to give the transfcnnants. 
'0 The method to construct the aforementioned expression vector can be the ccnventioral method described 

cy Sanbrcok et al. (Molecular Cloning A Laboratory Manual / 2nd Ed.). 

Examples of the expression plasmid cf the lignin peroxidase are such as oPgHLCI, pPcHLCI, pPSgHLI. 
pPSproHLL pRPgHLL and pRPgHLCI as described in examples 8. 9. 10. 11. 12. and 13. respectively. 

Corioius is species such as C. hirsutus car be transformed using those expression vectors. The transfer- 
's maticn of protoplasts of C_ hirsutus prepared by the method descnbed m example 7 can be conducted by the 
polyethylene glycol method anc the eiectrcporat on method. The preferred corcentranon of the polyethylene 
glycci for tne polyethylene glycol method is in a range of 10% tc 50%. The preferred concentration of calcium 
:on -s m a range of "25 mifrto 2C0mM. " • ' v 

The resultant transformants can oe cultured by the conventional method. For example, the trarsformant 
2C can oe cultured m gulucose-peotone medium at 15 to 40X (preferentially a; 24 to 37''C ) for 7 days with 3r 
withou: shaking. Air bubbling or agitation can be used if necessary. 

After completion of the culture the cuiture broth can oe seoarated from the cell bodies by the conventional 
method. 'When the product is contained in the ceil, the ceil bodies can be homogenizec by the supersonic meth- 
00. the frencnpress method, the mechanical gnnding method, and the enzymatic lysis method. Optionally, t^e 
25 Chemical method using surfactants such as tnton-X100, deoxycholate can be combined to the aforementioned 
method. The resultant culture broth and the extracts of the ceil Dodies can be punfied using the corventional 
:;rotein purification methods, such as salt precipitation, isoelectric precip.tation, gei filtration, and ion-exchange 
cnromatography iHPLC. FPLC etc.). :o ootain the product. 

The activity of tne iigmn peroxidase obtained from the aforementioned metnod can be measured by the 
3G increasing aosorbance of veratraidehyde croduced oy tne ox;dation of veratryi alcohol (M. Tien. etal.. Proc. 
Natl. Acad. Sci. USA. 31, 2280 (1984)) 

EXAMPLES 

^5 New. Cloning cf a novel OCTase gene cf C. mrsutus . preparation of a useful host C. hirsutus . development 

of an efficient transformation methoo and conciticn. and construction of a useful recombinant DNA cf a useful 
protein gene including a crcmoter and a signal peptide-coding DNA will be described in detail below with ref- 
erence to working examples. It snould be noted, however, that this invention is not limited to these working 
examples. 

Example 1: Construction of cDNA library 

A wild-type dikaryotic strain of hirsutus Quele (IFO 491 7) was obtained from the culture collection 3f 
the Institute for Fermentation. Osaka. Japan. hirsutus is a species n which the basidicspore is mononu- 
-*5 c:eat9. anc the parental nuclei do not fuse after mating of two compatible monokaryons but stay in pairstBose 
1934). monokaryons of C hirsutus were isolated from colonies of mycelial protoplast regenerants as well as 
germinated basidiospores obtained from a fruit body of the dikaryotic cultures. Vegetative cultures were main- 
tained on slants of potato-dextrose medium. 

The cuiture media used m this invention are such as MM medium, SMY medium, GP medium, synthetic 
50 medium as aescribed below. 

The MM (minimal medium), pH 5.6. containing per liter 10g glucose. 1.5g ;NHi)2HP04, 1g K2HPO4. O.Sg 
KH:PC^. 1,5g MgSO.t-7H20. 0.l2mg thiamine-HCI. 

The SMY medium. pH 5.6. containing per iiterlOg sucrose. 20g mait extract. 4g /east extract. 

The GP medium. pH 4.5. containing per litter 20 g of glucose. 5 g of polypeotone. 2 g of yeast extract. 1 g 
55 of K.HPOa. and 0.5 g of MgS04 TH.O 

The synthetic medium. pH5.6, containing no arginine. 2% cf glucose. 0.67% of Yeast Nitrogen Base (Difcc), 
0.1% of K.HPOa. 0.^5% of (NH,);HP04. 0.05% cf KH.POi. 0.''5% of MgSO^ /H^O. 0.l2ppm of thiamine HCI. 
4Cppm of glycine. 4CpDm of alanire, oOppm of vaiine. 70ppm of leucine, 70ppm of isoleuc;ne. 50ppm of serine, 
BOppm of threonine. SCppm of proline. SCopm of phenylalanine, 90ppm of tyrosine. lOOppm of tryptoohan. 
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70ppm of lysine HCI, 80ppm of histidine-HCI, 120ppm of cysteine HCI, 70ppm of methionine, 70ppm of aspartic 
acid, and 90ppm of glutanr^ic acid. 

In 200 ml of a GP medium Coriolus hirsutus IFO 4917 was shaken-cultured at 28^C for 7 days. Then the 
5 cells were collected and washed with sterilized water. The cells were further shaken-cultured at 28**C for 4 days 
in 500 ml of a synthetic medium. The cells were collected and frozen in liquefied nitrogen. 

Five gram of the frozen cell bodies was ground with a mortar The apparatuses and reagents used in the 
following experiment were treated with diethylpyrocarbonate according to the conventional method (Sam- 
brook, Molecular Cloning A Laboratory Manual 2nd Ed.. 1989). The extraction of the ground cell bodies was 
10 carried out by the use of a commercially available RNA extraction kit (produced by Amersham Japan K.K.) to 
afford total RNA. Two milligram of the total RNA was purified using a commercially available mRNA purification 
kit (produced by Pharmacia) to give po(y(A)*RNA fraction. From 5 }.ig of the poly(A)"RNA. doubie-stranded 
cDNA was synthesized using a commercially available cDNA synthesizing kit (produced by Amersham Japan 
K.K.) according to the manual. cDNA library was constructed using a commercially available X gtlOcDNA clon- 
es ing kit (produced by Amersham Japan K.K.) according to the manual to obtain 5 xlO^ recombinant X phage 
bodies/ \xg insert DNA. The cDNA library was caused to mfect an E coii NM514 strain to form 2.000-3,000 
plaques / 90mm«i) plate for a cloning experiment. 

Example 2: Cloning of OCTase gene from cDNA library 

20 

The cloning of the OCTase gene was conducted according to the conventional plaque hybridization method 
(Sambrook, Molecular Cloning A Laboratory Manual 2nd Ed.. 1989). 

The following two synthetic DNA probes labeled with a radioisotope (^^p) .^^ere used in the hybridization 
expenment. 

25 

(A) 5' -TnrT(C) ATGCAT(C)TGT(C)CT:CC-3 ' i7-ar, Sraix 

(B) 5' -CCA(3}TAA(G) AAA(G,C,T) ACC(T)TCA{G)TC-3 ' 17xer, 64mix 

30 In addition, 0.3 kbp fragment of Sa[ I digest of Ar^ B gene of Aspergillus nidulans labeled with ^^p was 

used for the same experiment. 

The plaques were transferred to a ccmmercially available nylon membrane to immobilize the DNA cn the 
membrane by the conventiona} method. The membrane was washed with a pre-hybndization soiuticn (5 x SSC, 
5 X Denhardt's solution. 1 % SDS. and 1 00 i^g/ml denatured DNA calf thymus DNA) at 65"C overnight. The mem- 

35 brane was then nybndized with the hybridization solution containing ^^p labeled DNA probe at 45"C for 24hr. 
The membrane was then washed, dned Dy the conventional method. The positive plaque was selected from 
the membrane by autoradiography to give a single positive clone hybridized with the aforementioned three 
DNA probes from 30,000 plaques. 

The phage DNA was prepared from the positive clone by the conventional method, followed by the diges- 

40 tion with restriction endonuclease Bam HI and the fractionation using agarose gel electrophoresis to obtain 
1.3 kbp of Bam HI DNA fragment. The DNA fragment was then subcloned into the Bam HI site of a plasmid 
vector pUC18 (produced by Takara Shuzo Co.. Ltd. Japan) and transformed to E. ccli JM109 by the conven- 
tional method. The DN.A sequence of the subcloned DN.A was then determined using a secjuenase kit oroduced 
by United States Biochemical Co., Ltd. 

45 The DNA sequence was depicted in SEQ ID NO: 3 to demonstrate 1125 bp of open reading frame. The 

deduced amino acid sequence from the DNA sequence was then compared with the amino acid sequences 
of other OCTase such as Arq 8 of A^ nidulans to indicate similarity among them and the consensus sequence 
for the carbamoyl binding region of OCTase. Therefore, the 1 .3 kbp DNA fragment was identified as the OCTase 
gene of C. hirsutus . This DNA fragment was used as the probe for the cloning of the genomic OCTase gene 

50 of C^ hirsutus as described examples 3 and 4. 

The aforementioned E. coli JM109/pUCRM transformed with the aforementioned OCTase cDNAgene was 
deposited with National Institute of Bioscience and Human-Technology. Agency of Industrial Science and Tech- 
nology as FERN P-13424 on February 12. 1993. and transferred to an international deposition under the Bu- 
dapest Treaty, as FERM BP-4202 on February 22. 1993. 

55 

Example 3: Construction of genomic DNA library 

C_ hirsutus 1F04917 was shaken-cultured at 28=C for 7 days in GP medium as described in example 1. 
The cells were collected, washed and frozen with liquefied nitrogen. Five g of the frozen cell bodies was ground 
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with 3 mortar. The ground cell oodies was then mixed with 10ml of a lysis buffer solution (1C0mM Tris pH3. 
"COmM EDTA. lOOmM NiaCl. 1C0 ug/mi of proteinase K) and incubated at 55'C for 3hrs. The resultant mixture 
was :hen extracted ^ith phenol then with chloroform. To the aqueous layer was added ethane! gradually to 

5 precioitate pure genomic DNA. The DNA was coitected and dissolved in a TE solution. 

Hundred p.g of the purified genomic DNA was partially digested witi a restriction endonudease Sau 3 Al. 
The resultant fragments were subjected to a 5 to 25 % sucrose density gradient centrfugal separation 
OO.OOOrpm. 18 hr.) to obtain a 10 to 25 kbp DNA fragment The 'ragment Mas then ligated to a Bam HI arm of 
phage ^. EMBL 3 (produced by Toyobo Co.. Ltd. Japan), ^he ^ Dhage DNA was packaged in vttro using a Giga- 

'C pack Gold kit (produced by Stratagefie i and :n'ectec to E. coli P2392 to afford the genomic DNA library of 
hirsutus . 

Example 4: Cloning of OCTase gene from genomic DNA library 

'5 The cloning of tne genomic OCTase gene from the aforementionec genomic DNA library A^as conducted 

accord ng to the conventional placue hyDriaizat;on method (Samorcok. Molecular Cloning A Laboratory Manual 

2nd Eg.. ^989). 

The cDNA fragment^oTied in example 2 was used as the probes after labeling with' arradioisotope (^^P) 
to seiec: a positive cicne. The cloning method was essentially same as described m example 1. The positive 
2G piauue was selected from the library by autoradiography to give six oositive clcnes from 40.000 plaques. The 
pnage DNA's were prepared frcm the positive clones by the conventional metnod. followed by the digestion 
Aith various '-estr-ctior endonucleases and the Southern hybridization using the afcrementioned 1 .3kbp cDNA 
crobe to indicate :ne S.Skbp fragment of the restriction endonucease 3a[ I digests was the positive DNA frag- 
ment 

25 The aforementioned 5.5 kbp Sal 1 ragmentwas then succloned into the Sal I siteof a plasmid vector pUC 8 

and transferred :o E coli JM1 09 by the conventional method. The DNA sequence of the sufccloned DNA was 
tnen determ:nec using a sequenase Mt produced by Un ted States Biochemical Co.. Lto. 

The DNA sequence was depictec n SEQ ID NO; 4 to demonstrate that 4 intrors interrupted the genomic 
DNA. At tne upstream region of the translation initiation site i653bp.) several ^ATA-dox like sequences. CAAT- 

30 box like sequences and cis-acting sequence related to the ammo acid oiosynthesis can be identified. The com- 
parison of the ooen reading frame of the genomic DNA with the OCTase cDNA sequence (consisting of 11 25 
cp of coen reading frame) indicated 21 base changes Detween two OCTase genes. Only one amino acid suo- 
stitut.on . Arg to l.ys) was identif ed between the two OCTase genes since 20 of 2^ oase changes occur at the 
tnird position of the triplet codon, not affect. ng the deduced amino acids. However, the amine acid substitution 

35 couiG rot affect the property of the enzyme since botn am.ino acids are a basic amino acid. Therefcre, these 
genes appear to be allelic genes eacn other. 

The aforementicned E^ coH JM109/pUCR1 transformed with the aforementioned OCTase cDNAgene was 
deposited with National Institute of Bioscience and Human-Teen nology. Agency of Industrial Science and Tecn- 
nology as FERM P-12679 on Decemcer 25. 1991 . and transferred to an international deposition under the 3u- 
dapest Treaty as FERM BP-4201 on Februaly 22. 1993. 

Example 5: Preparation of auxotrophic mutants 

To induce fruit boby formation, C hirsutus (IFO 4917) was grown for eignt weeks in a solid medium con- 
•>5 tainmg 20g of thermomechanical pulD of radiata pine supplemented with 1 30ml of PD medium per 1 liter Er- 
ienmeyer ^lask. The cultures were incubated at 28^C and continuously illuminated using a 40W fluorescent 
.amp at a c.stance of 'm. C nirsutus formed a typical fruit boby under the culture condition described above. 

Basidiospores were washed from gills with distilled water, filtered through 60 yim pore nylon cloth, diluted 
appropnately and plated onto PD agar medium, Monokaryons were screened under tne microscope *or mono- 
50 nucleate and clamp-lacking myceiia. The mating-type of each monokaryon was determined oy means of con- 
fronting cultures between combinations of two monokaryons or SMY plate. 

For oidia formation, a monokaryon was incubated on agar (1.3%) plates of MM suoplementec with 
casamino acid(Difco Laboratories. USA), pH 5.6. for 7-10 days at 28'^C. Oicia were collected by rinsing the 
mycelial turf with distil'ed water, filtered through 60 um pore nylon cloth and pelleted by centrfugation at 1 .500 
55 X g for 10 min at room temperature. 

The oidia (2 x lO^^ml) \n 2m\ cf phosphate buffer {10mM. pH 7) were subjected with 50 ug/ml of N-methyl- 
N'-nitro-N-nitrosoguanidine (NTG) at 28*0 for 60 min with gentle stirring. This dose of NTG gave 3-5% survival 
of oidia m a senes of mutagenes s treatment. The mutagenizec oicia were washed three times witn 10ml of 
phosohate buffer by centnfugation (1.500 x g. 10 m,n) and plated onto the MM agar and mcubatec at 23"C. 
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After 2 days incubation, macroscopically visible colonies which grew on the MM agar plate were marked as 
prototrophs. Then 5nril of molten soft agar(r/o, kept at 45-48''C) of MM supplemented with 1% casamino acid 
was overlaid onto the MM agar plate and further incubated. Colonies which grew on the overlay of complete 
5 medium, but not on the MM were screened as auxotrophic mutants. 

To select amino acid requiring mutants, the auxotrophic mutants obtained were tested for growth on MM 
supplemented with one of five groups of L-ammo acids, each at 150 |,Lg/ml. Colonies formed on these media 
were then transferred onto plates of MM containing individual amino acids or amino acid precursors (150 |ig/ml) 
to identify specific supplement required. Thus. Arg" auxotrophic mutant was screened. Furthermore, a double- 
to auxotrophic mutant (Arg". Leu') was prepared by NTG treatment of the Arg" auxotrophic mutant. These auxo- 
trophic mutants were used as the recipient strain in the following transformation experiment. 

Example 6; Characterization of the double-auxotrophic mutant 

15 The aforementioned mutant was studied to characterize the deficient gene in the arginine biosynthesis 

by the following method. 

The mutant was cultured in the following five different media. 

(1) MM + 1 50 }.ig/nil tSucine + 200 ng/ml citrulline' ' ' ■ v 

(2) MM + 150 lag/ml leucine + 200 ug/ml ornithine 
20 (3) MM + 150 |.ig/ml leucine + 200 ug/ml arginine 

(4) MM 150 }.ig/ml leucine 

(5) MM + 0.2% casamino acid 

After 48 hr incubation at 28^0. the mutant in the media (1), (3) and (5) appeared to grow, whereas the 
mutant in the media (2) and (4) aid not. Therefore, it was identified that the mutant was deficient in the ornithine 
25 carbamoyl transferase (OCTase) gene. 

The aforementioned mutant (OJ 1-1 073) is deposited with National Institute of Bioscience and Human-Tecn- 
nology, Agency of Industrial Science and Technology as PERM P-12677 on December 25. 1991. and transfer- 
red to an international depositicn under the Budapest Treaty as EERM BP-4210. on March 1 1993. 

30 Example 7: Transformation of Coriolus hirsutus 

7-a: 

For mycelial protoplast preparation, mycelta (C. nirsutus OJI-1 078) were grown in 500ml Erienmeyer flasks 
35 containing 100ml of SMY medium equipped with thirty glass-beads (6mm in diameter) in a flask. The flasks 
were incuba:ed statically for 7 days, while the flasks were st.rred with gentle hand-shaking once or twice a 
day to prevent mycelia from forming pellets and aenal growth. Then the mycelia were transferred to 1 L Er- 
ienmeyer flasks equipped with magnetic stir-bar. and cultured in 200ml of SMY medium. 

40 7-b: 

Mycelia were harvested by suction filtration on 30 urn pore nylon cloth, and washed with osmotic medium 
(OM.0.5M ivIySOa/SOrtiM maleate buffer. pH 5.6i. Mycelia(1 OOmig wet weight) suspended in 1ml of OM were 
treated with 10mg/ml Novozyme 234 (Novo Nordisk Bioindustry Ltd.. Japan) and 5mg/ml Cellulase Onozuka 
•*5 RIO (Yakult Honsha, Japan) at 28°C with gentle shaking for 4hrs. 

7-c; 

Protoplasts were separated from mycelial debris by filtering through 30 |.im pore nylon cloth. Mycelial debris 
50 and remaining protoplasts on nylon cloth were washed once by pounng OM to release protoplasts. Protoplasts 
were pelleted by centrifugation and suspended m 4ml of 1 M sucrose/20mM MOPS buffer, pH 6.3(SM), washed 
twice with SM. The protoplasts were then resuspended in SM supplemented with 40mM CaCU (SMC) to give 
10^-10« cells/ml and reserved at 4^C. 

The number of protoplasts m suspension was determined by direct count in a hemacytometer. All centri- 
55 fugations were at 1 .000 x g for 5 min with swinging buckets at room temperature. 

For oidial protoplast preparation. 10^ ceils of ungermmated oidia m 1ml of OM were treated as the same 
procedure for mycelial protoplast preparation as described above except that the nylon cloth filtration step was 
omitted. Protoplast viability ranged of 5-15%. 
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7-d ; 

The aforementioned plasmid pUCR1 was digested with restriction enzyme Sal i. Then the DNA fragments 
5 {2 ug m 20 u. of 10n-M Tns/1mM EDTA[TE]. ph 8.0) A/ere added to the protoplast suspension(1 0« cells/100 ^1 
of SMC), mixed gendy. and incubated on ice for 30 mm. 

The protoplasts suspension were gently mixed with Z'3 volume of PEG solution (25% PEG (Mr=3.400 Al- 
dricn Chemical Co.. USA) buffered with 20mM MOPS tpH6.4)) and incubated for 30 min on ice. 

The resultant protoplast solution was filled to 10 ml wth MM containing 0.5M sucrose. 150 ^g/nl leucine 
10 and ' % agar, poured over plates, and incuoated at 28 'C ^or several days. 

The transformants were obtained at a 'requency of 300 colonies/ng DNA. 

Similarly, using the circular piasmid pLCR1 . the transformants were obtained at the same freqcency. On 
the contrary, in the control experiment using pUCIS piasmid vector, no transformant was obtained. 

Example 5: Construction expression vector of .ignin peroxidase (T) 

The expression vector of iignin peroxidase of C. hirsutus was constructed by the ligation of the orotein- 
cGding secuence of the ^^nbmic Iignin peroxicase iJapanese Patent'Aoplication pBSLPOGT. Na- 

tional Institute of Bioscience ana Human-Techrology, Agency of Industrial Science and Technology under 
20 PERM P- 1 2683) to the downstream of the promoter region of the genomic phenoloxidase ( Japanese Patent 
Application 91-15392. PERM BP-2793) as well as the upstream of the terminator region of the genomic phe- 
nclcxicase. 

Precisely speak.ng. 5.5 kbp DNA fragment of Hin dill digests of the phenoloxidase genomic DNA was treat- 
ed with exonuclease III and mung bean nuclease to remcve the protein-coding region of the phenoloxidase 
25 fcilcwed by the ligation with TADNAiigase to obtain a 2.C kbp size piasmid pP1 containing the promoter region 
of the phenoloxidase 'Fig. 2). 

Or the other hand, the aforementioned piasmid containing the genomic ohenotcxidase gene was doubly 
cigested with Bam hi and Sph I. followed by the treatment with excnuciease III and Tiung bean nuclease, then 
the ligation with T4DNA ligase. and further digestion with Hin dill to obtain a 600 bp size fragment containing 
JO tne size terminator region of tne phenolox:dase. This '^ragment was then inserted into tne Bam hl- Sac I site 
of the aforementioned piasmid oPI to obtain the piasmid pPCl i^Fig 2). 

Furthermore, the recombinant DNA pBSLP0G7 containing the genomic ligrin peroxidase gene (Japanese 
Patent Aplication 92-6C503) of C_ hirsutus at the 3am HI - Eco Rl site of a E^ coli. vector pBtuescrpt SK' was 
treated with exonuclease III and mung bean nuclease to remcve the promoter region of the !ignin peroxidase 
i'5 followed by the ! gaticn with Sa[l linker and digestion witn Sal I to obtain the protein-coding reg'on of the Iignin 
peroxidase. 

Pirally, the plasmid pPC1 containing the promoter region and the terminator reg'on of the phenoloxidase 
was digested with Sa[l foilcwed by the insertion of the aforementioned I.Skbp Iignin peroxidase-coding frag- 
ment to obtain the plasmid pPghLCI (Fig 3) 

Example 9: Construction expression vector of ignin peroxidase (2) 

The recombinant DNA pBSLPOC7 (PERM P-1 2630) ccnstructec by the subcloning of the cDNA gene (Jao- 
anese Patent Application 92-60503) of Iignin peroxidase of C hirsutus into the Bam HI site of a E. coH vector 
•*5 pBluescript SK* was digested with Nco I and treated with mung Dean nuclease, followed by ligation to Bam HI 
linker with T4DNA ligase. The resultant DNA was digested yvith Bam HI to obtain 1 .3 kop fragment of the cDNA 
of the Iignin oeroxidase. 

On the other hand, the plasmid oPCI prepared in example 8 was digested with Bam HI and thereafter 
ligated with the aforementioned 1.3 kbp fragment of the cDNAof the Iignin peroxidase to obtain the plasmid 
50 pPcHLd. 

Example 10: Construction expression vector of Iignin peroxidase (3) 

The 5.5 kbp Hnn clll fragment of the pnenoloxidase gene {Japanese Patent Application 3-15392. PERM 
55 3-12583) was ligated with T4DNA ligase to the Htn dill site of phage vector M13mp19 to prepare a single- 
stranded phage DNA. The complement DNA of the sigral-peptide-coding science of the phenoloxidase (de- 
picted in Pig. 5), consisting of 21 amino acids, was chemically synthesized using a DNA synthesizer. This DNA 
orimerwas annealed to the aforementioned single-strand pnage DNA to obtain the DNA fragment of the pro- 
m>oter sequence anc the signal-coding sequence usmg the pr-mer extension method. The resultant DNA was 
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digested with Hin dill to obtain 2.1 kbp DNA fragment (Fragment 1). 

On the other hand, to obtain the protein-coding DNA sequence of the lignin peroxidase, the plasmid 
pBSLPOG/ (Japanese Patent Application 92-60503. PERM P-12683) was treated by the essentially same 
5 method as described above (depicted in Fig. 5). Thus, the primer extension method and digestion with Sal I 
to obtain 1.7 kbp DNA fragment (Fragment 2). 

The aforementioned two fragments 1 and 2 were then ligatedwith T4DNA!igase to the E. coli vector pUC1 8 
doubly digested with Hin dill and Sal I to obtain the plaid pPSgHLI containing both fragments (depicted in Fig. 
5). 

10 

Example 11: Construction expression vector of lignin peroxidase (4) 

To obtain the propeptide-containing DNA seciuence of the lignin peroxidase the plasmid pBSLP0G7 (Jap- 
anese Patent Application 92-60503. PERM P-1 2683) was treated by the essentially same method as described 
15 above {depicted in Fig. 6). Thus, the primer extension method and digestion with Sal I to obtain 1.7 kbp DNA 
fragment (Fragment 3). 

The aforementioned two fragments 1 and 3 were then ligatedwith T4DNA ligase to the E. coli vector pUCi 8 
doubly digested with Hin^fll and Sal 1 to obtain the plasmid pBSprdHLI containing both fragments (depicted 
in Fig. 3). 

20 

Example 12: Construction expression vector of lignin peroxidase (5) 

The expression vector pRPgHLI of lignin peroxidase of C. hirsutus was constructed by the ligation of the 
protein-coding sequence of the lignm peroxidase to the downstream of the promote sequence of the OCTase 
25 gene of C. hirsutus 

In ::etail. the promoter fragment was prepared by the essentially same method as described in example 
10. Thus, the prmer extension method and digestion with Eco Rl to obtain 0.6 kbp DNA fragment (Fragment 
4. depictec in Fig. 7). 

The protein-coding sequence of lignin peroxidase was prepared by the primer extension method and di- 
30 gestior with Hin dill to obtain 1.7 kbp DNA fragment (Fragment 5, depicted in Fig. 5). 

The aforementioned two fragments 4 and 5 were then ligated with T4DNA ligase to the E. cdi, vector 
pUC19 doubly digested witn Eco Rl and HfldlH to obtain the alasmid pRPgHLI containing both fragments 
(depicted in Fig. 7). 

35 Example 13: Construction expression vector of lignin peroxidase (6) 

The plasmio pUCRl containing the OCTase gene was digested with Eco Rl and the cohesive site was 
treated witn Klenow Fragment to give blunt ends. Then Hin dill ;inker(8 mer) was ligated to the plasmid to make 
a Hin dill site. In addition, this plasmid was digested with Sa[ I and the cohesive site was treated with Klenow 
•*o Fragment to give blunt ends followed by the self-ligation to remove Sa[ I site. 

The aforementioned reconfcinant DNA was then digested with Hjn dill to obtain the 4.2 kop DNA fragment 
containing the OCTase gene (depicted in Fig. 8). This fragment was inserted into the Hin dill site of the plasmid 
prepared in Example 3 to obtain the reconbinant DNA pRPCI (depicted in Fig. 9). The 1.3 kbp DNA fragment 
containing the protein-coding region of lignin peroxidase ( prepared in example 8) was inserted into the Sa[ I 
•*5 Site of the plasmid pRPCl to obtain the lignin peroxidase expression vector pRPgHLCI (depicted in Fig. 1C). 

Example 14: Preparation of C. hirsutus transformed with the lignin peroxidase expression vector 

The plasmids. pPgHLd, pPcHLCI, pPSgHLI, pPSoroHLI . and pRPgHLI (prepared in examples. 9. 10. 

50 11. ana 12. respectively) were co-transformed with the plasmid pUCRI containing the OCTase gene of C hir- 
sutus as the marker to the Arg' auxotrophic mutant OJI-1073 of C. hirsutus . using the PEG method or the 
electroDoration method, to give the transformants pPgHLCI/OJI-1078, pPcHLC1/OJI-1078, pPSgHLl/OJI- 
1078, pPSproHL1/OJI-1078. and pRPgHLI/OJI-1 078, respectively. The plasmid pRPgHLCI ( prepared in ex- 
ample 13 ) was transformed to the aforementioned OJI-1073, using the PEG method or the electroporation 

55 method, to give the transformants pRPgHLC1/OJI-1078. The aforementioned transformations were successful 
in spite of the form of the plasmids, sucn as the circular or the linear. The transformation condition was as 
descnbed below. 

To 100 yd of protoplast susoension (about 10^ plotoplasts/100 ul was added 2 i^g of plasmid (circular or 
linear form) as well as 0.2 ug of plasmid pUCRI as the selection marker. The mixture was kept on ice 'or 30 
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mm. In the case of piasmid pRPgHLCI ( prepared m example " 3 ). only 2 ug of plasmid pRPgHLCI was added 
to the orotoplasts anc kept on ;ce for 30 min. To the resultant mixture was added the same volume of PEG 
solution (50% PEG3400. 20 mM pH 6.4 MOPS) and kept on ice for 30 min. The resultant protoplast solution 
5 was filled to 10 ml with MM containing 0.5M sucrose. 150 ug/ml leucine and 1% agar, poured over plates, and 
incubated at 28*^0 for four days to obtain the transfer mants. 

The transformation of tne plasmid containing lignin peroxidase was confirmed by tne Southern hybrici- 
zation of the genomic DNA of the transformant. 

'0 Example 15: Culture of the jansformant and activity of :he iignm peroxidase 

The five transfcrmants. pPgHLCI/OJI-10^8. pPcHLC1/CJM078. pPSgHL1/OJI-1078. pPSproHL^OJI- 
1078. and 3RPgHL1/OJM078. prepared in example 14. were shaken-cultured .n 10C ml of a GP medium (de- 
scribee in example 1) at 23'=C for 7 days. The resultant culture broth was centrifuged to give the supernatant. 
^5 On the other hand, the transfcrmants pRPgHLC'/OJl-1073 was cultured m lOOmi of the synthetic medium 

described n Example 1 at 28'C 'or '0 days, 'he resultant culture broth was centrifuged to give the culture 
supernatant. 

The activity of fignih^eroxidase was measured as ::escrbed befow. To a solution coi^sisting of 50 ul of 
3mM veratryl alcohol and 200 ul of 0.5M. pH3. sodium tar'jate buffer, was acded 700 ul of the culture super- 

2G natant and 50 ul of 5.4 mM hydrogenperoxide. successively. The activity (1 unit: production of 1 u mol /L min ) 
or lignin peroxidase was measured for ^he increase of tie absorption at 310 nm resulting from the oxidation 
of veratryl alcohol to verarraldenyde. The activities of the ignin peroxidase of the aforementioned culture su- 
pernatant of the trarsformants were in a range of 20 -100 units/ml. Whereas, in the case of the control experi- 
ment cuitunng C hirsutus OJI-1C73 /vithout the transformatior of the plasmid. no lignin peroxidase activity 

25 was observed. 

Eomple 15: Construction of prenoloxidase expression vector 

The genomic OCTasegene of C. hirsutus cortairs a oromoter region at the 2 kbp upstream of the initiation 
2C ccdcn A^G. Therefore, this promoter can ze connectec to the pnenoiox:aase gene consisting of the signal- 
peptice-coding sequence and the protein-cocing secuerce for tne secret;onal production of Dhenoloxidase of 
C_ hirsutus OJI-1078. 

In detail, the 5.5 kcp 3a[ I fragment of the CCTase gene was I gated with T4DNA ligase to the Sa[ I site 
of ohage vector Ml3mDl3. then the complementary DNA was syntnesized us:ng the primer extension method 
35 and the resultant DNA was digested with Eco Rl to obtain D.d Kop DNA 'ragment (Fragment 4. depicted n Ex- 
ample 10). 

On the other hand, a plasmic containing the genomic phencloxidase was digested with Eco Rl to obtain 
the 4.2 kbp DNA fragment cf the protein-coding region of the phenolox.dase (fragment 6). 

The aforementioned two fragments 4 and 6 were then ligated with T4DNA ligase to the E. coii vector pUC 
•io digested with Eco Rl to obtain the plasmid pRPgPOl containing both fragments (Ceoicted in Fig. V ). 

Eomple 17; Preparation of the transformed C. nirsttus using the ;:henoioxidase expression vector 

The aforementioned plasmid pRPPCMI was transformed to C. hirsutus OJI-1Q78 by the method as de- 
-<5 scribed in example '4 to obtain the transformant pRcPG1/0J'-1078. 

In addition, the genomic phenoioxidase gene pPOl (Japanese Patent Aoclication. FERM BP-2793) was 
also transformed to C. hirsutus OJI-1078 to obtain the transformant pPOl /OJI-1078 for the purpose of the gene 
oosage effect. 

50 Eomple 18: Secretional production of phenoioxidase and activity cf phenoioxidase 

The transfcrmants pRcPOi/OJI-1073 prepared in Example 17 was shaken-culturec at 28^C for 20 days 
m 1 00 ml cf the synthetic medium described in Example 1. The resultant culture broth was centrifuged to give 
the culture supernatant. 

55 Similarly, the transfcrmants pPO1/OJI-1078 was cultured n the aforementioned GP medium to the culture 

supernatant. 

The Dhenoloxidase activities of the bcth culture supernatants were 20-50% higher than those of the control 
expenments using C. ntrsutus OJI- 1 078 without the transformation of the plasmids. 
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Example 19: Construction of expression plasmid of luciferase 

A comnnercially available enhancer vector (Pica Gene, produced by Toyo Ink Co. Ltd., Japan), containing 
luciferase gene was digested with restriction endonucleases Bam HI and Bglll to obtain the 3 kbp DNA fragment 
of the luciferase structural gene. The fragment was then subcloned at the BamHI site of plasmid pPCI prepared 
in Example 8, to obtain the luciferase expression plasmid designated as pPLUCC1( depicted in Fig. 12). 

Example 20: Preparation of transformed C. hirsutus OJI-1Q78 with pPLUCCI and luciferase activity 

C hirsutus OJI-1078 was co- transformed with the plasmids pPLUCCI andpUCRI. The transformant was 
cultured in 100 ml of GP medium described in the experiment 1. and was shaken-cultured at 28''C for 7 days. 

The cells were harvested by centrifugation. washed with sterilized water, and frozen with liquefied nitrogen. 
The cell bodies were ground with a mortar. The ground cell was transferred to 30 ml centrifugation tube, sus- 
pended in a cell extraction buffer (25mM Tns-phosphate. pH 7.8, 2mM DTT, 2mM 2-diaminocyclohexane- 
N.N.N'.N'-tetraacetic acids. 10% glycerol. 1% Triton X-100). and then left at room temperature for 10 -o 15 min. 
The resultant mixture was centrifuged to remove mycelial debris. Finally, to 20 |.il of the supernatant was added 
the 100 1^1 of a luciferin''sSruTion (attached in the kit) to give luminescence in a darkroom incJrcating the expres- 
sion of the luciferase. 
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SEQVZllCZ LISTING 

-i) genera:. :xforxat:cn: 

(i) APPLICANT: 

(A) NAI-IE: OJI ?PSZR CO . LTD 

(B) STREET: 7-5 Ginzd 4-chorie, Chuo Ku 

(C) CITY: TOKYO 104 
( E ] COiraTRY : JkPP2l 

^5 (?) POSTAL CODE [Zl?]: none 

(ii; TITLE Or Itr/SNTZON: ORNITHINE C.\R3AMCVL TR-^J^JSF ERASE GENE AJO 
-UT-IfcaS-ATION 0? THE ONA - 



20 



30 



45 



50 



55 



NL':^.3ER OF SEQUENCES: 



COMPOTE?. REAOAELZ 
^ A MED lOM TYPE : T -cppy a :. 3 < 

3 ■ COMPOTER: IBM ?C concat^cle 
:0. OPERATING 5':5TEM: PC -ICS • MS -COS 
;C< 3CFTI>ARE: Pateniln Rel-ease -1.0, 

zorpe::t application OATA: 

.-^plication nl^/.3er: ep 3 i 30 1 i "i* . 3 
PP. I OR a_?pl:cation OATA: 
;A; APPLICATICN N'U^OEH: 0? 4-5C513 
■:r'-^'-v;Q DAT": 09-lLAR-15^I 

PRIIR .APPLICATION CA.TA: 
i A' APPLICATION NLT-'-BER: J? 4-104 54 5 
I 3 FILING DACE: :3-APR-l?5: 



35 [2] I:;FCR:LATICN for SEQ IE NG:1: 

SEQUENCE CHARACTERISTICS: 
(Ai LENGTH: 3 75 amir.o acids 
:3; TYPE: d.Tixno d.ZL.z 
;0; TCPOLCCY : linear 

JO 

'ii.;, MCLECOLE TYPE: prc.ein 

(vi) GRIGIN.^X SOURCE: 

(A) ORGA-NISM: Coriolus hirsuti'^s 

(B) STRAIN: IFO 4 917 



(xi) SEQUENCE DESCRIPTION: SEQ IE NO : 1 : 

"^et Ala Leu Ser Thr Lvs Val Pro His Le'^ 'Aez Thr Lea Ala Asp Leu 

1 5 * 10 15 

Thr Pro Giy Gin He Gin Arg He He Thr His Ser Tyr His Leu Lys 
20 25 30 

Axg Thr Xle. Gin Pro Trc Leu Ala Fro Gin Gly Arg Ala Gly Ser Gly 
- 4 0 4 5 
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Gly Lvs Tyr Ser Asn Ala Pre His Lvs Leu Arg Met Pre Ser Gin S^*- 
50 55 ' 50 

Leu Phe Ser Lys Ser lie Ala Leu Leu ?he Ser Lys Arc Ser Thr Arg 
65 70 75 ' 80 

Thr Arg Leu Ser Ala Glu Thr Ala Ala Leu Leu Leu Gly Gly Gin Ala 
85 90 95 

Leu Phe Leu Gly Arg Glu Aso He Gin Leu Gly Val Asn Glu Thr Val 
100 105 110 

Pro ASD Ser Ala Arcr Val lie Glv Glv Met Cys Gin Glv He Phe Ala 
\ ' 120 ' ... , 125_ 

Arg Val Glv Asn His Ser Glu He Glu Glu Leu Ala Arg Tvr Ser Pro 
130 ^ ' 135 140 

Val Pro Val Leu Asn Ala Leu Sor Ser leu Trc His Fro Thr Gin Val 

145 150 155 150 

Leu Ala AsD He Leu ?hr Leu His Glu r.LS Ala Ala Leu Phe Asc ?r3 
165 1": 175 

Ala Ser Ala Ser Pro Thr Pre Ser Ala Ala Asp Ala Phe Ser 31n Lvs 

130 135 190 

Tyr Thr Lvs Leu Glv Giu Val Glv ?rc Leu Thr Val Ala Tvr V-i 3lv 
195 * 200 2C5 

Asc Ser Ala Asn Val Leu His Aso Met Leu Val Thr Tyr Pro Arr Leu 
213 H: * 220 



230 235 240 

Pro Lvs Ala Val Trp Aso Arr Val Val Glu Leu Glv Cv3 Aso Lvs Asn 
245 ' * 250 * ' 255 

He Phe Trp Thr Ala Aso ?rj Arg Ala A- a Val Lvs Glv Ala Aso Leu 
260 " 255 273 

Val Val Thr Asc Thr Trp He Ser y.et Glv Gin Glu Ala Glu Lys Ala 

275 ' 230 ' 2S5 

Gin Arg Leu Lvs Asp Phe Ala Gly Tyr Gin Val Thr Glu Ala Leu Cys 
290 ^ " 295 * 300 

Arg Giu Gly Gly Ala Asn Pro Asp Trp Lys Phe Met His Cys Leu Pro 

305 310 315 320 

Arg Lys Gin Aso Glu Val Aso Asc Glu Val Phe Tyr Gly Pro Arg Ser 
325 330 335 

Leu Val Phe Gin Glu Ser Aso Asn Arg Lvs Trc Thr He Xet Ala Leu 
340 " 345 ^ 350 
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Phe Asp Leu Leu Phe Gly Lys Trp Ser Leu Leu Ala Arg Asn Giv 
355 360 365 

Gly Ala Asp Ala Gly Ser Glu 
370 375 

INFORXATION FOR SEQ 10 NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 375 amino acids 
(3) TYPE: amino acid 
(0) TCPOLCGV: linear 

(ii) MOLZCULE_TYPE: protein 

(vi) GRIGIMAL SOURCE: 

;A) ORGANISM: Coriolus hirsutus 
; 3) STP^^IN: IFC 4 9 17 



:xi) SEQUENCE DESCRIPTICM: SEQ ZO : 2 : 

Met Ala leu Ser Thr Lys Val Pro liis Leu Met Thr Leu AI2 Asc Leu 
1 3 * ID 15" 

Thr Pro 31v Gin He Gin Arr lie lie Thr His Ser Tvr H15 Leu Lvs 
20 25 ■ 30 ' 

Arg Thr Ala Gin ?rz Trc Leu Ala Pro Gin Gly Arc: Ala Glv Ser Glv 
3 5 "40 ^ 45 * 

Glv Lvs Tvr Ser Asn Ala Pre H.s Lvs Leu .Ara Met Pro Ser Gin Ser 
50 55 * ' 50 

Leu Phe Ser Lvs Ser lie A.la Leu Leu Phe Ser Lvs Arg Ser Thr Arg 

6 5 :'0 75 ' SO 

Thr Arcr Leu Ser Ala Glu Thr Ala Ala Leu Leu Leu Glv Glv Gin Ala 
35 30 * * 55 

Leu Phe Leu Glv Arc: Giu A.sc lie Gin Leu Glv 7a 1 Asn Glu Thr Val 

130 ' "1^5 " llj 

Pro Ast) Ser Ala Arc Val I la Glv Glv Met Cys Gin Gly lie Phe Ala 
115 ' 120 ^ 125 

Arg Val Glv Asp His Ser Glu He Glu Glu Leu Ala Arg Tyr Ser Pro 
L30 ' ^ 135 140 

Val Pro Val Leu Asn Ala Leu Ser Ser Leu Trp His Pro Thr Gin Val 
145 150 155 160 

Leu Ala ASD He Leu Thr Leu His Glu His Ala Ala Leu Phe Asd Pro 
165 170 175 

Ala Ser Ala Ser Pro Thr Pro Ser Ala Ala Asp Ala Phe Ser Gin Lys 
180 185 190 
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Tyr Thr Lys Leu Giy Glu Val Gly Pro Leu Thr Val Ala Tyr Val Giy 

195 200 205 

Asp Ser Aia Asn Val Leu His Asp Kct Leu Val Thr Tyr Pro Arg Leu 
210 215 220 

Giy His Gin Leu Ala Val Ala Ser Pro Glu Asn Asp Arg Tyr Arg Aia 
225 230 235 240 

Pro Lys Ala Val Tro Asp Arg Val Val Glu Leu Gly Cvs Asp Lvs Asn 
245 250 ' 255 

lie ?he Tro Thr Ala Asp Pro Arg Ala Ala Val Lvs Glv Ala asd Leu 
"ISO _ 265 ^ ^ 270 

Val Val Thr Asd Thr Tro lie Ser Met Gly Gin Glu Ala Glu Lvs Aia 
275 ' ' 2S0 285 

Gin Ara Leu Lvs Aso Phe Ala Gly Tyr Gin Val Thr Glu Ala Leu Cys 
290 ' " 295^' 2C0 

Ara Glu Glv Glv Ala Asn Pro A50 Tro Lvs Phe M.e- His ::vs Leu Pro 
305 * ' 310 " ' - 315 ' 320 

.Arc Lvs Gin Asc Glu Val Aso Asp Glu Val Phe Tvr Gly Pro Arg Ser 

325 330 335 

Leu Val Phe Gin Glu Ser Asp Ain Arc Lys Trp Thr lie Met Ala Leu 
340 345 3^0 

Phe Asp Leu Leu Phe Glv Lvs Tro Ser Leu Leu A.la Arc Asn, Glv Glu 
355 ' ' 36G 365 

Glv Ala Asp Ala Glv Ser Glu 
370 ^ 375 

INrOPJ-lATION PGR SEQ ID MC : 3 : 

(i) SEQUENCE CHAJl.^CT£P I ST ICS : 

(A) LENGTH: 123Q base pairs 
(3) TYPS: nucleic acid 

(C) STRA.\CSDN£5S : single 
{ D ;. TOPOLOGY : linear 

( i i ) MQ L EC U L S TYPE: r D N A 

(iv) AJJTI-SENSS: NO 

(vi) ORIGINAL SO'JRCS: 

fA) ORGANISM: Coriolus hirsutus 

(B) STPAIN: IFC 4917 

(ix) FEATURE: 

(A) NAME/KEY: matjeptide 

(B) LOCATION: 78.. 1202 
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10 



15 



20 



;xi) s=:q':ence de:sc?:?t:cm: seq zz nc:3: 

GCACAGAGC3 ACAGCCTGAC TCGTCCCGCG CGCCTC-GAA C:GGCGAGTG GTCCTCTCAT 50 

CGGCTCCTTG ACCCGCCATG GCQCTZ-TCGA C3.\AAGTGGC G-:aCCTGATG ACGCTCGCGG 120 

ACCTGACCCG GGGCCAGATC GAGCGCATCA T3ACGCACTC CTACGACCTC AAGGGCACGG IBO 

CG-AGCCCTG GCVCGCGCZZ CAGGGGCGCG CAGGCAGGGG G3GCAAGTAC AGCAACGGGG 24 0 

CGCAC.^L^GCT GCGCATGCCG TCGCAGTCGC TGTTCAGCAA GTCCATCG:: CTCCTGTTTT 300 

C.^AAGGGGAG CAG3CGCACG GGGCTCTGCG C:GAGAC:g.: G^GZGTCCrC GTCGGCGGGC 360 

AGGCGCTCTT CCTCGGGCGG GAGGACATC: AGCTCGGGGT G.^ACGAGAGZ GTGCCOGAGT 42 0 

^ ijr ji^'oGGo^jT GAT 2'jGv-.'J«o'j ATGTG- — AG-j ATCTT jr^ j aGT'o'jo'—- '^AC^ATTCGG 4d ^ 

AGATC^AGGA ACT2GCC2G: GAGTCGCC2:> T i^CCGGTGCT ZAAGGGOOT: TG2TC3CTCT 340 

O3GAG2 2GA0 GCAGGTGwT2 G'-GGAGATGO T2A;_GGTGGA 2SAGGA0 2G2 GCGCT2TTG0 o^U 

Aj-TCoG'-GA G'i.jT'^'w Gj lTG^v- joT'— j ^jTAlj _» A^Auv — j AA.=« jT"-!^G'j'_ ■ -'J 

.-1. _ jA\_ AA'j'TA '^ v^ ,j w — J A--^ jVjT'jT j j v7r>.L. w j — _ jI" jA'nj — T'jr-^^ AI'A 3 4 \- 

:T3AGAG2T:; ^ATOTGGAT^ GGGOAAGAGG OOGAGAAGGG AOAGGGAGTG AAAGAOTTTG 

OAjGCTAOrA -vG _ o A;_ J- jA ^ ^ „'_;'^T' jTo' — . ^- .^-^.-^-^.^ .i' — z'^ '^j^ — — C j-A „T'-j'^A-'^'j:T 

GTAG'-;>w ATT 3 T'wTT0GT2G_j AJ-.^^^A j'j^-.^ j A'^^jtTG ^ jA — 3AjuTG-,T_ TA. — -^^^^^.j-^ ^^3 2 

OATCGGTGGr 3TTGGAGGAG TGGGAGAACG GG^-AGTiG.A2 2-ATGATGG-C3 TT3TT2GAG2 114 3 

TTCTGTTTjG AAAATGGTGj GTGGT2GGGG jOA-ACGGGGA GGGGGGAGAT GCGGZZ'^Gjj ^^Zj 

A.GTA-GAGACA GATAGCGTAIi AGGGA3TAAT GGTGGG.AGAA 2GA-AGGTGTG TCCGTGGGGG i-Z'j 

GTA.AAAAAJVA A-'=u=uAA^AA-^V\ 123 0 

.:2) INFORMATION FOR SEQ ID NO: 4: 

( i ) SZQ U ENC E 2:-i.3JlACT ER I S T I G 3 : 

(A) LENGTH: 2540 base pairs 
(3) TYPE: nucleic acid 
(C) 5TRAKDEGNESS : single 
(□) TOPOLOGY: linear 

50 (ii) MOLECULE TYPE: GNA (genoniC) 

(iv) ant: -SENSE: NO 
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(vl; ORIGINAL SOURCE: 

(A) ORGAiJISy.: Coriclus hirsutus 

(B) STRAIN: IFO 4917 

(ix) Fr:ATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: 553. .2340 

(ix: FEATURE: 
15 (A) MA-'^IE/KEY: intrsn 

(B) LOCATION: 1064. .1116 

{ix; FEATURE: 

(A') 'NAifSTKEY: Incron 

(B) LOCATION: 1539, . 1928 



20 



40 



45 



50 



(ix' FEATURE: 

(A; NAME/KEY: i.i-rDn 

{3^ 1C:ATI3N: 2C33. .214C 



iix. FSATUr^i-: 

A I M E / K. E Y : . .1 ti r r. 
25 : 3) L3:ATI3M: 2215. .22-6 

:xi: SE^VENCE DESCHIPTIOM: SE: ID NO : 4 : 
A:''\.TT^^T jA--'. ^ w T - r aG 3 Avj^ws- .-'TTCGT ^T^CAAACjT '^AAG'jTLC^TC ATCC*A'oi»^CLT ^3 

CCCTCTCEAA ZTTCII-TGCC TEAGCGCGCG TCGTCGGCAA ITTCICGTCA TGCTTGA.^.CC L23 

CCTCCTTCCC AAGCT:GACC GEAAGCCACC GCGGGAAATG GAAGCGAAAG ATAGCGTC3G 133 

GACGCGCTAT CTCGG3GGCC GGGCGCGACG 3CGGGC3ATG EGAGATGTAG AGGE^CTGCC 24 3 

35 AGCGCGCGAC GATCA^-.TG T3GGTGAGGC GTTTCGGCGC TTiJVTGTGAC CCGTG.ACATC 3C3 

ACGCGTTTCG ATACTTTTAG CZ-CCCACTAG TAGTATAACA TETGGAGATA .AAC CTCCA.-.T 353 

TGTATAACAT GC3CC3ACTT CAGCTGGGCA GACCCC.\TGG 3ATGTGAACA ATATATGATA 4 2 'J 

CAGTATATAC TGTGGTACAC AATGGCA:3A TCGGCCTGCC AGGCTATATC CCTCATGTCT 4 33 

AGGGGCC.\AT CZ2GCZCC?kG TTCCATACCG TTGGCGCCCG 3GAGCATCCG GGTGAC-AAGG 540 

TGTGTAGGCG ZCCGA^ACTC CTCTACCAGC GACGGC\CAG AGCGACAGCC TGA>^TrGT'-:C 5 00 

CGCACGACTC TCAACCGCGC CAGTCGTCCT CTCATCIGCT CCTTGACCCG CCATGGCGCT 66 0 

CTCG.ACGAAA GTGCC3CACC TGATGACGCT CGCGGAZCTG ACCCZGGGCC AGATCCAGCG 7 20 

CATCATCACG CACTCCTACC ACCTC.AAGCG CACCGCZCAG CCCTGGCTCG CGCCCCAGGG 780 

GCGCGCAGGC AGCGGZGGZA AGTACAGC.A.A CGCCCCGCAC AAGCTGCGCA TGCZGTCGCA 34 0 

GTCGCTCTTC AGC.VAGTCCA TCZCCCHZZT GTTTTCGAAG CGGAGCACGC GCACCCGGCT 90 0 

CTCCGCCGAG ACCGCCGCCC TCCTCCTZGG CGGGCAGCCG CTCTTCCTCG GGCGGGAGGA 9 60 
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15 



25 



:ATCCAGCTC SGCGrGAACG AGACCGTGCC GGACTCJGCG CGCGTCATCG 3CGGGATGTG i::: 

'0 CCAGGGCATC TTCGCGCGCG TGGGGGACCA TTCGGAGATC GAGGTGCGTC TTTACAGCCG 10:0 

TGCGGTCCAC GCTCGTCACG CTCACCCATC CCCCAGGA.\C TCGCCCGGTA C7CGCCCGTG ::4C 

.^CCGTGCTCA ACGCGCTCTC CTCGCTCTGG CP^CZZG^C^C AGGTGCTCGC GGACATCCTC 12:0 

ACGCTGCACG AGCACGCGGC GCTCTTCGAC CCGGCCTC:G CGAGCCGGAC GCCCTCCGCC I2z0 

3CCGACGCGT TC7CGGAA.\.\ GTACACCAAG CTCGGCGAGG 'Z:ZC^ZZZ:;C':: CACGGTCGCG 1:20 

TACGTCGGCG ACAGCGe€A.\ CGTGCTGCAC GACATGCTCG TCACGTACCC GCGCCTCGGC^ 13 33 

cacgagctg: gcgtcgcgag cg::cgagaac gataggta::: gcgcgccc.=^ ggcggtgtgg \a^.z 

GACCGCGT:3 TCGAGCTCGG GTGCGATAAG A.\CArCTTGT ggacggcgga GCCGCGGGCG 15 cc 

:ccgtg-^-a:3 gc:c:gactt ggtcgtcact ga:ac:tggt gagtggc::t atacgctgag :56: 

TGGTGGTG-\A GTGCAGGATG :-GtGCGAACG rA"rCCG::3C GCi-A.GACZTT TCTCATATGC liZZ 

tgcaggtg:g ttcacgaatg :acaaa:gat GorcAA::AC gggcatacapv cgctggtgtc HcZ 

GGCGrAGAiG cc3t:gatgg agaggctccg tgtgatatcg ggtacggagt gtttactagc i-^-: 

CGTAATCTrC CGGTGGCCGA \CTGTCGGAG AG:3Ar:r:T GCTTATGGTG GCGCACA^GG :3':C 
TTCAAGITZG GTCC3ACAAC AGAGGTTCGG GTTGCGA TTA j.-\TTTG'--w.^^ A_Avj:LAT ^vj-j 

GZTGTTCCGG AT:T3TTAC: CTGGGGATGG ACG;^A.C3rGT ACACAGAATA CTGA.CAGZTG l^ZZ 

AGGTACAGGA TCTCGArGGG :CAAGA3GCC GAGiiAG:GGC AGGGACTGAA AGAGTTTGCA IHC 

GGGTACrA.\G TGACGGAGGC GGTGTGCCGG GAA.GGC3GGG GGAAZG:GGA TTGGAAGTTG ZQ^Z 

ATGCATTGTC TTCCTGGGAA GCAGGACGAG GTGGACGACG AGGTTCG7CG TGCGTCGATC ZZZO 

cggagaattg agataggctg acggggcggc atcgcgacag gtgttctacg ggccgc:gtc ZZiZ 

GGTGGTGTTC CAGGAGTC3G ACAACCGGAA GTGGAC3ATC ATGGCG7TGT TCGAGTGGGT 2Z1Z 

TCTCGCGTTA GTTGTGGTGA TACGGCCGAT GTAGGAGTGG TGATCACGTT CTGGAGCrTT ZZtZ 

CrCTTTGG.AA AGTGGTCGCT r^GTCGGGCGG .AAC3GGGAGG GCGCAGATGC GGGGTCGGAG 2 3 4 0 

TAGACACAGA TAGCGTAGAC 3GAGT.AATGC TGGCAC.AA.GG ATCGTCTGTC CGTGCGGGGT 24 3 0 

ATGTTGCGCG TGAATGTTGG TGGAGACTTG CCTGGA.ATGG ACAAGATTGG CGACGTGCCG 24 5 C 

CGGATGACGT CTGCGAGTCG GGGGTAGCGC CCAGCCGGGC GGAGCTCTGT TCTCCTCCTC 25 20 
CTCCCGTTCT TCGGTCTCTT 
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Claims 

1. An isolated structural gene coding for ornithine carbamoyl transferase (OCTase) of Coriotus hirsutus. 

Z An isolated structural gene according to claim 1 wherein the gene encodes the amino acid sequence 
shown in SEQ ID NO: 1, or SEQ ID NO: 2. 

3. An isolated OCTase gene comprising a structural gene coding for OCTase and a control region controlling 
the expression of the structural gene. 

4. An isolated OCTase gene according to claim 3. wherein the OCTase gene essentially consists of the nu- 
cleotide sequence shown in SEQ ID NO: 4. 

5. A recombinant linear or circular DNA comprising a structural gene coding for OCTase of C^ hirsutus . or 
an OCTase gene comprising a structural gene coding for OCTase of C. lirsutus and a control sequence 
controlling the expression of the OCTase. 

6. A recombinant linear or circular DNA according to claim 5. wherein the structural gene Encodes the amino 
acid sequence shown in SEQ ID NO: 1 or SEQ ID NO: 2. 

7. A recombinant linear or circular DNA according to claim 6. wherein the OCTase gene consists essentially 
of the nucleotide sequence shown in SEQ ID NO: 4. 

8. A recombinant circular DNA according to claim 3, wherein the circular DNA is a plasmid. 

9. A recombinant linear or circular DNA comprising; 

( 1 ) a structural gene coding for OCTase of C. hirsutus , or an OCTase gene comprising a structural gene 
coding for OCTase of C. hirsutus and a control sequence for controlling the expression of the structural 

gene; 

(2) an expression control sequence operable in a basidiomycete of the genus Coriolus; and 

(3) a gene coding for a desired protein under the control by the expression control sequence (2). 

10. A recombinant 'inear or circular DNA accorcing to claim 9. wherein the expression control sequence is a 
promoter selected from the group consisting of a promoter of phenolo xidase gene, a promoter of lignin 
peroxidase gene and a promoter of OCTase gene. 

11. A recombinant linear or circular DNA according to claim 9. wherein the reccmbatant linear or circular DNA 
further comprises a DNA sequence coding for Signal peptide present upstream of the gene coding for the 
desired protein and linked in frame with the gene coding for the desired protein. 

12. A recombinant linear or circular DNA according to claim 11 wherein the signal peptide is selected from 
:he group consisting of a signal peptide of pnenoloxidase and a signal peptide of tignin peroxidase. 

13. An auxotrophic mutant of a basidiomycete of the genus Corioius deficient in an ability to express OCTase. 

14. A host-vector system comprising: 

(1) an OCTase gene compnsing a strucuturai gene coding for OCTase of C. hirsutus and a control se- 
quence for controlling the expression of the structural gene; and 

(2) an auxotrophic mutant of a basidiomycete of the genus Coriolus deficient in an ability to express 
OCTase. 

15. A lost-vector system for expression of a desired protein according to claim 14. further comprising a gene 
ceding for the desired protein and a control sequence for expression of the gene coding for the desired 
protein. 

16. A process for production of a transfcrmant basidiomycete of the genus Coriolus capable of expressing a 
desired protein, comprising the step of; 

(a) cotransforming an auxotrophicmutantof a basidiomycete of the genus Coriolus deficientin an ability 
to express OCTase. with a linear or circular DNA comprising a structural gene coding for OCTase of 
C. nirsutus . or an OCTase gene comprising a structural gene coding for OCTase of C. hirsutus and a 
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control sequence controlling the expression of the OCTase, and wtth a iirear or circular DNAcompnsing 
a gene coding for a desired protein and a control sequence for controlling the expressions of the gene 
coding for the desired protein; and 
5 (b) selecring a transformant capaole of growing in a medium-lack:ng arginine. 

17. A process for production of a transfcrmanc basidiomycete of the genus Coriolus capable of expressing a 
desired protein, comprising the steps of: 

(a) transforming an auxotrophic mutant of a basidiomycete of the genus Coriclus deficient in an ability 
10 to express CCTase. with a linear or circular DNA comprising: 

(1(3 structural gene coding for OCTase cf C. hirsutus . or an CCTase gene compnsing a structural 
gene coding for OCTase of C hirsutus and a control sequence for controlling the expression of the 
structural gene: 

(2) an expression control sequence operable in a basidiomycete cf the genus coriolus: and 
15 (3) a gens coding for a desired protein under the control by the expression control sequence (2). 

and. 

( b) selecting a transformant capaole of growing in a medium lacking arginine. 



20 



18. A transformant basidiomycete obtainable oy a process according to claim 16, capable of producing a de- 
sired orotein. 

19. A transformant basidiomycete obtainable oy a process according to claim 17. capable of producing a de- 
sired orotem. 

20. A process for production of a desired protein, comprising the steps of: 

culturing a transformant basidiomycete accorcing to claim 18 to produce the desired protein: ard 
recovering the cesired protein from tne culture. 

21. A process for production of a desired protein, comprising the steps of: 

cultunng a transformant basidiomycete according :o ciaim 19. to produce the desired protein: anc 
recovering the desired protein from tne culture. 
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Fig.2 
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Fig.3 
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